Introduction
Winter canola is not a common crop in the hot humid climate of southeastern United States, and research in the region has been limited. Traditional production areas of winter canola in the United States include North Dakota, Idaho and Minnesota, with North Dakota producing over 90 of the crop 1 . However, winter canola has been expanding in the southern states such as Oklahoma 2 . In 2009, the winter canola area was 372,000 ha and the production was 675 M kg with an overall value at $238 million 2 . In 2010, the winter canola harvested in the United duction in the United States is much smaller than the production in Canada. The imports of canola in the US are 2.4 times greater than the domestic canola production 3 .
Winter canola can be grown successfully for biodiesel production 4, 5 . The biodiesel advantages include its low sulphur content, no net CO 2 emission compared to convenAbstract: There is increased interest in winter canola as an oilseeds crop for production of oil or biodiesel in the southeastern United States, but research has been limited. The objective of this study was to evaluate the effect of N (0, 60, 120, 180 kg N ha -1 ) on productivity, oil content and oil composition of winter canola grown for two cropping seasons at three locations in Mississippi (Stoneville, and two locations at Verona: Verona upland silt loam, Verona-SL and Verona upland clay, Verona-C). Overall, increasing N application rates resulted in corresponding stepwise increase in seed yields in the two locations at Verona, whereas yields in the 60 and 120 kg N ha -1 at Stoneville were not different from each other. Seed yields reached 3,383 and 3,166 kg ha -1 in the 180 kg N treatment at Verona and at Stoneville, respectively. Oil yields were also increased with increasing N rates, however, oil yields at 60 and 120 kg N ha -1 at Verona-C were not different from each other. Oil yields in the 180 kg N ha -1 treatment reached 1,363 and 1,151 kg ha -1 at Verona-SL and Stoneville, respectively. At Verona-SL location, higher N rates resulted in increased stearic acid compared to the lower N rates. However, the reverse effect was observed on the concentration of linolenic acid, which was lower at higher N rates. Also at that location, N application reduced the concentration of linoleic acid. At the Verona-C location, N application at 180 kg N ha -1 reduced concentration of linolenic acid relative to the other fertility treatments. Overall, the increase in N application rates resulted in greater yield (kg FA ha -1 ) of palmitic, palmitoleic, stearic, oleic, linoleic, linolenic, arachidic, eicosanoic, behenic, lignoceric and nervonic acids in all three locations, with N at 0 kg ha -1 providing the lowest yields and N at 180 kg ha tional diesel fuel, it is nontoxic and biodegradable. Besides, biodiesel offer an alternative to import fuels and it offers environmental, economic, and national security benefits 6 .
Biodiesel production is expanding, especially in Europe. Biodiesel production in Europe for 2009 increased by 16 relative to the previous year and reached 9,046,000 tones 7 .
Generally, biodiesel in Europe, Canada and some other countries is based on winter canola, whereas in the United States the major biodiesel feedstock is soybean, due to wider crop production and availability of soybean compared to winter canola. However, overall sunflower oil has higher price on the US market compared to soybean or canola oil, due to its high demand by the food industry 11 . Hence, winter canola may be some of the best feedstock for biodiesel production. Canola oil is low in saturated FA, high in monounsaturated FA MUFA , and has been valued as healthy cooking oil 1 . In a recent study on oxidation of commercial oils used in deep frying in hospitals in Japan, Totani et al. 12 found canola to be less oxidized after use in deep frying compared to soybean or blended oil. Hence, the authors recommended canola oil for use in frying applications based on their polar compound content and carbonyl value data 12 .
Monounsaturated fatty acids MUFA from canola and other crops have been shown to be important for the prevention of cardiovascular disease 13 16 . Hence, canola oil consumption contributes to improved human health. Canola meal is also rich in phenolic compounds, with high antioxidant activity 17, 18 .
Several factors stimulate the interest of southern growers in winter canola production: i the ever increasing price of conventional oil sources, and recent progress in biofuel and biodiesel production; ii the increased market opportunities for oilseed; iii reduction of some traditional crops such as cotton, and iv the usually vacant land during the winter months in the traditional cropping systems in the region. The objective of this study was to evaluate the effect of N 0, 60, 120, 180 kg N ha 1 on productivity, oil content and oil composition of winter canola grown for 2 cropping seasons at three locations in Mississippi.
Materials and Methods

Field Experiments
The experiment, a randomized complete blocks design 
Soil Nutrient Analyses
Soil samples 0 to 20 cm depth were taken prior to land preparation and planting, air-dried at room temperature, and subjected to extraction for available plant nutrients using the Lancaster soil test method 19 at the Mississippi State University Soil Testing and Plant Analyses Laboratory. The nutrient concentrations in soil extracts were measured on an inductively coupled argon plasma spectrometer Thermo Jarrell Ash, Franklin, MA . Nitrogen in the N treatments was applied split: 50 or 60 kg ha 1 of the 3 N rates was applied in the fall prior to planting, and the rest was applied as a side dressing in the spring.
Land preparation, weed control, harvesting
Land preparation at the three locations included disking and formation of raised beds at 97 to 102 cm center to center in early fall. Pre-emergence weed control was done using Treflan trifluralin, 2,6-dinitro-N,N-dipropyl-4-trifluoromethyl benzenamine at 4.5 to 5.6 kg ha 1 preplant incorporated, immediately after the formation of raised beds . Post-emergence weed control was done by using glyphosate N-phosphonomethyl, 0.803 L ha 1 . Individual plots were 6.6 m by 3.6 m. Winter canola was planted at the three locations using a cone planter. No serious pests or disease infestations were identified during the two growing seasons.
Harvesting was conducted at technical maturity by harvesting the middle two rows from each plot. One m 2 quadrant was harvested by hand from every plot to be used for oil profile analysis. The remaining area was harvested using a small-plot combine. Seeds for oil profile analysis were threshed with a stationary thresher Almaco, LPR-E, Nevada, IA . Subsamples of winter canola seed from each plot were further cleaned by hand and prepared for the oil profile analysis. 
Statistical Methods
Within each of the three locations Verona-SL, Verona-C and Stoneville and within each of 2006 and 2007, the experimental field had 4 blocks, and four N rates 0, 60, 120, 180 kg ha 1 that were completely randomized within each block. Seed and oil yields, and several FA compositions and yields from the three locations were analyzed separately as Randomized Complete Blocks Design using combinations of the four blocks in the field and the two years as blocks. The analysis was completed using the Mixed Procedure of SAS 21 . For the responses with significant N rate effect, multiple means comparison was completed using the least significant difference LSD method, and letter groupings were generated at the 5 level of significance. For each response, the validity of model assumptions was verified by examining the residuals as described in Montgomery 22 .
Results
Nitrogen application rate had a significant effect on seed and oil yields at the three locations. Furthermore, N had a significant effect on the concentrations of stearic, linoleic, and linolenic fatty acids at Verona-SL, and on the concentration of linolenic acid at Verona-C location Table 1 . Nitrogen did not affect the concentration of fatty acids in winter canola at Stoneville.
Successive increase in N application rates resulted in corresponding stepwise increase in seed yields in the two locations at Verona, whereas yields in the 60 and 120 kg N ha 1 at Stoneville were not different Table 2 . Application of N at 60 and 120 kg ha 1 rates gave the same, but significantly higher oil yields at Verona-SL and Stoneville locations Table 2 . However, oil yield from the 60 kg ha 1 rate
was not different from that obtained from the control 0 N ; and a higher N rate of either 120 or 180 kg ha 1 was needed to increase oil yield at Verona-C Table 2 . At the Verona-SL location, the concentration of stearic acid was increased at higher N rates 120 and 180 kg N ha 1 relative to the lower N rates 0 or 60 kg N ha 1   Table  3 . However, the reverse effect was observed on the concentration of linolenic acid, which was lower at higher N rates. Also at that location, N application at higher rate reduced the concentration of linoleic acid. At the Verona-C location, the highest N rate 180 kg N ha 1 resulted in reduced concentration of linolenic acid relative to the other fertility treatments Table 3 . The effect of N rate on FA yield may differ from that on FA concentration in the oil because FA yield is a function of seed yield, oil content, and FA concentration in the oil. Overall, the increase in N application rates resulted in greater yield of palmitic, palmitoleic, stearic, oleic, linoleic, linolenic, arachidic, eicosanoic, behenic, lignoceric and nervonic acids in all three locations, with N at 0 kg ha 1 providing the lowest yields and N at 180 kg ha 1 providing the highest yields Table 4 .
Concluding Discussion
Winter canola seed yields in the fertility treatments Table 2 Mean seed and oil yields from the four N rates together with letter groupings from the three locations.
N rate Seed yield Oil yield 0  1530d  494d  1107c  618c  187b  387c   60  2032c  869c  2394b  822b  339b  772b   120  2466b  1424b  2026b  980b  603a  733b   180  3383a  1858a  3166a  1363a  729a  1151a Within each column, means followed by the same letter are not significantly different from each other at the 5% level. Means followed by the same letter are not significantly different at the 5% level. This study demonstrated winter canola production in the hot humid conditions of Mississippi and possibly other areas in the southeastern United States can be successful and could provide seed and oil yields comparable to yields from major winter canola production areas in this country and worldwide. However, the optimum N rate depends on the intended use of the production.
